STA5176 Statistical Modeling with Application to Biology

Course Goals

This course will cover statistical methods used frequently in analyzing biological data, especially large scale public accessible data (sequences, structures, gene expressions, SNPs…). Biology background will be briefly covered and related biological problems will be introduced with the aim that statistical students will be able to understand biological problems and collaborate with biologists without having to take corresponding biology courses. Students should gain sufficient background to start exploring their own research questions in the area. Projects are open problems from currently actively studied topics and designed to explore how to extend current methods to novel questions with an objective to experience fruitful cross-disciplinary work. 
Target Students

This course is aimed at both statistics and biology graduate students who are interested in problems in biology and genomics and the statistical methods used for those problems. 

Teaching Approach

Course will have a fairly fixed syllabus (below) with lectures. Reading and smaller assignments will be given for each segment. Larger term assignments will be collaborative projects in subject area of interest to student teams. 

Course Outline

Below is an outline of topics that will be covered. 

Introduction to Biology

Central dogma: DNA/RNA/proteins/traits 

Recent massive high-throughput technologies

Statistical issues commonly encountered in genomics and genetics 

Expectation maximization (EM)

EM method

Application in biology
Hidden Markov Models 

Markov model, likelihood, and model scoring

Parameter estimation and dynamic programming 

Application of HMM in biology
Regression and logistic regression
Optimization Single-nucleotide polymorphism (SNP) and association studies


Local optimization, numerical methods

Global optimization and stochastic methods

Bayesian Network


Method

Applications in inference and systems biology
Monte Carlo method


Simulation and sampling

Markov Chain Monte Carlo
Sequential Monte Carlo
Gibbs sampling and applications


Application in protein structure prediction


Microarray data analysis 

Experimental technology, normalization/pre-processing and data smoothing

Differential expression and hypothesis testing
Clustering
Dimension reduction and classification
Multiple testing and false discovery rates 

Machine learning

Biological Networks


Gene regulatory networks

Other biological networks such as metabolism networks, protein-protein interaction networks

Bootstrapping method
Projects

In each project, students will review current literature, propose their own approach to the problems, work on the project, and present the result of their work.

Project 1. TBD

Project 2. TBD




Tentative class schedule
	Week
	Tue Lecture
	Thu Lecture

	1
	Introduction to Biology
	Introduction to Biology

	2
	Statistics primer
	Statistics with R

	3
	Expectation Maximization (EM)
	EM application

	4
	Hidden Markov Model (HMM) I. 
	HMM II.

	5
	HMM III.
	Regression

	6
	Logistic regression
	Optimization I.

	7
	Optimization II.
	Bayesian network I.

	8
	Bayesian network II.
	Project presentation

	9
	Monte Carlo Method I.
	Monte Carlo Method II.

	10
	Monte Carlo Method III. 
	Monte Carlo method IV. 

	11
	Gibbs Sampling and Applications
	Microarray data analysis I. 

	12
	Microarray data analysis II. 
	Microarray data analysis III. 

	13
	Microarray data analysis IV. 
	Holiday

	14
	Bootstrapping method
	Biological networks I

	15 
	Biological networks II
	Final project presentation


Time: 
Place: 

Lecturer: Dr. Jinfeng Zhang
Office: 106E OSB

Office hour: 
Email: Jinfeng@stat.fsu.edu
Recommended readings: 
Computational Statistics by Geof H. Givens and Jennifer A. Hoeting, 2005, Wiley series in probability and statistics

Computational Molecular Biology An Introduction by Peter Clote and Rolf Backofen, 2000, Wiley series in mathematical and computational biology

Grading: Projects and homework.
